To retrospectively evaluate the interobserver agreement of radiologists who used the Breast Imaging Reporting and Data System (BI-RADS) lexicon to characterize and categorize ultrasonographic (US) features of breast masses.
O
ver the past decade, indications for breast ultrasonography (US) have expanded (1) . Breast US is currently considered to be an invaluable tool in breast imaging and a firstline examination, such as mammography, with a role in both detection and characterization of breast masses (2) (3) (4) (5) . As are other breast imaging techniques, breast US is plagued by a lack of reproducibility regarding lesion characterization, particularly for small lesions (6) (7) (8) (9) (10) (11) . In light of the widespread use of breast US, a standardized Breast Imaging Reporting and Data System (BI-RADS) lexicon for US analogous to the one for mammography was developed in 2003 to provide a unified language for US reporting (12, 13) . New subdivisions of BI-RADS category 4 masses, which reflect the likelihood (4a, low suspicion; 4b, intermediate suspicion; 4c, moderate suspicion) of malignancy, were introduced at the same time.
Since then, few studies (14-16) have been conducted to assess overall observer variability in US assessment of breast masses with the BI-RADS terminology. Only one of them (15) included a large sample of breast masses, and none evaluated specific factors (eg, size and benign or malignant nature of the mass) that could influence radiologists' consistency.
Our purpose was to retrospectively evaluate the interobserver agreement of radiologists who used the BI-RADS lexicon to characterize and categorize US features of breast masses.
Materials and Methods
Approval by the institutional review board was not required for this retrospective analysis. Permission was obtained from the hospital for review of the patients' medical records.
Lesions
Two hundred sixty-seven consecutive 14-gauge core-needle biopsy-proved breast masses (113 benign and 154 malignant) in 267 patients (mean age, 54 years; range, 18 -91 years) who underwent US between January and September 2004 were included. Malignant lesion data were confirmed after surgical excision.
Imaging Protocol
Two high-resolution US scanners with high-frequency linear-array 10 -14-MHz transducers (Acuson Sequoia 15L8w broadband, Siemens Medical Solutions, Mountain View, Calif; Aplio Matrix PLT1204AX, Toshiba Medical Systems, Tustin, Calif) were used. An author who did not read the images (N.A.) generated a set of two orthogonal views of each mass. Doppler images were not selected for review. To maintain confidentiality, all image pairs were coded with a number. (Figs 1-4) in random order on a picture archiving and communication system (IntelePACS, version 3.7.1; Intelerad Medical Systems, Montreal, Quebec, Canada). Each reader was provided a copy of the illustrated BI-RADS lexicon. No specific training was given before the study, but all readers had been using the BI-RADS lexicon for both mammographic and US studies for at least 2 years in their daily practice at the time of the study. In order to eliminate bias in the description and categorization of the US images, the readers were blinded to the clinical information, mammographic findings, and pathologic results. The largest diameter of each mass was measured by using electronic calipers on the picture archiving and communication system monitor by one (B.M.) of the five readers.
Image Interpretation
Readers used the terminology of the fourth edition of the BI-RADS lexicon (12) . Evaluation was limited to US features of mass shape (irregular, round, or oval), orientation (parallel or not parallel), margin (circumscribed, microlobulated, spiculated, angular, or indistinct), lesion boundary (abrupt interface or echogenic halo), echo pattern (hypoechoic, isoechoic, hyperechoic, complex, or anechoic), and posterior acoustic features (enhancement, none, shadowing, or combined pattern). Readers were required to select the single most appropriate descriptor for each category. The observers did not evaluate alterations in the surrounding tissue or presence of calcifications, as these findings were rarely present and were difficult to assess on the two static images provided. All readers were asked to assign a BI-RADS category, including subdivisions 4a (low suspi- 
Results

Overall Findings
The overall results are shown in Tables 1-3 . The longest dimension of Mass shape was described as irregular (56%, 736 of 1307), round (10%, 128 of 1307), or oval (34%, 443 of 1307). Substantial agreement was found for assessment of lesion shape ( ϭ 0.64). Reader agreement was greatest for round masses ( ϭ 0.70).
Mass orientation was described as parallel (53%, 685 of 1287) or not parallel (47%, 602 of 1287). Reader agreement was substantial ( ϭ 0.70).
Mass margins were described as (Table 3) . When all categories were looked at together (ie, 2, 3, 4a, 4b, 4c, and 5), they showed fair overall agreement ( ϭ 0.30). When the category 4 subdivisions (ie, 4a, 4b, and 4c) were grouped together, the system showed better overall reproducibility ( ϭ 0.47). Interobserver agreement for subdivisions 4a, 4b, and 4c was fair ( ϭ 0.33), fair ( ϭ 0.32), and poor ( ϭ 0.17), respectively. On the other hand, interobserver agreement for categories 2, 3, and 5 was excellent ( ϭ 0.91), substantial ( ϭ 0.68), and moderate ( ϭ 0.60), respectively.
Subgroup Findings
The frequency of each descriptor in malignant masses is reported in Table 4 . With respect to malignant versus benign masses, reader agreement was lower in malignant lesions for the assessment of lesion boundaries ( ϭ 0.33 vs ϭ 0.54) (point estimate, Ϫ0.21; 95% CI: Ϫ0.23, 0.64) (Table 5) . Similarly, reader agreement for mass margin assessment was lower for malignant lesions ( ϭ 0.28 vs ϭ 0.42) (point estimate, Ϫ0.14; 95% CI: Ϫ0.23, 0.51) ( Table 5) .
With respect to grouping the lesions on the basis of size, reader agreement was generally lower for lesions of 0.7 cm or less (Table 5) . This difference between size groups was more pronounced, but of low significance, for margin (point estimate, Ϫ0.08; 95% CI: Ϫ0.45, 0.29) and shape (Ϫ0.19; 95% CI: Ϫ0.40, 0.03) as- BREAST IMAGING: Breast Imaging Reporting and Data System: US Reproducibility Abdullah et al sessment. Only the assessment of posterior acoustic features showed better consistency among radiologists for the smaller masses. Similarly, worse concordance of the assessment of BI-RADS category was noted for masses measuring 0.7 cm or less ( ϭ 0.21) than was for masses measuring more than 0.7 cm ( ϭ 0.32) (Ϫ0.11; 95% CI: Ϫ0.36, 0.14).
Discussion
Use of BI-RADS descriptors for US interpretation resulted in moderate to substantial agreement for mass assessment and fair to moderate agreement for BI-RADS category assignment. These results are comparable to those of other studies (8, (14) (15) (16) . Mass shape and orientation assessments showed substantial agreement between radiologists. The choice between parallel or not parallel orientation was generally easy. Evaluation of the shape in our study showed better consistency than was found by Park et al (15) . The difficulties Park et al encountered in classifying abnormalities that contained five or six gentle lobulations as either oval or irregular were not present in our study. Interestingly, in our study, round shape showed substantial interobserver agreement ( ϭ 0.70), whereas Lazarus et al (14) found only fair agreement ( ϭ 0.29). We observed a trend toward lower consistency for smaller masses, which was probably owing to difficulties in determining the shape of a small mass, particularly in differentiating an irregular shape from a round shape.
Despite the introduction of a new BI-RADS classification, the level of agreement for describing the margins-a critical feature for determining whether a biopsy should be performed-was low in our study, as well as in the studies of others (8, 14, 15) . The reduction from seven to five margin descriptors in the BI-RADS lexicon did not improve the variability initially reported by Baker et al (8) . However, low concordance was only noted among descriptors generally associated with malignancy (ie, microlobulated, spiculated, angular, and indistinct margins), which explains the lower interobserver agreement for malignant masses. Readers reported difficulty identifying microlobulations with certainty and differentiating them from small spiculations. Separating the response into circumscribed or noncircumscribed for margin characteristics may have been more realistic and practical (10, 16) . In fact, the high variability in noncircumscribed assessments has a limited effect on the decision to perform a biopsy. As demonstrated by Berg et al (19) with mammography, the consistency of intermediate-suspicion features, such as microlobulations (the most frequently used descriptor, which also has the lowest agreement), may have improved following BI-RADS training for US. In addition, lower concordance was noted for small masses; despite the improvement in spatial resolution achieved with high-resolution equipment, accurate evaluation of the margins of small lesions appears to still be limited. Table 5 Interobserver 
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Researchers in four previous studies (8, (14) (15) (16) have reported only fair agreement for describing the US echo pattern. Those in three studies (14-16) used BI-RADS, and those in the other study (8) used the descriptive terms of Stavros et al (1) . Our results show moderate agreement for echo pattern assessment (good to excellent with all descriptors). Despite a low frequency and unlike the findings in the study by Lazarus et al (14) , excellent agreement was obtained for hyperechoic and anechoic masses. The fact that only two images were reviewed probably made the choice easier and more reproducible between radiologists. Another explanation is the familiarity of the readers with the BI-RADS lexicon, since they had each been using it in their daily practice for at least 2 years at the time of our study.
Our results show moderate agreement for describing the lesion boundary. The two available options did not always reflect what the radiologists observed, which explains the large percentage (67%) of boundaries reported as an abrupt interface (probably chosen by default). In addition, only fair agreement was reached for the lesion boundary of small masses.
Evaluation of posterior acoustic features showed moderate agreement between readers. The greatest concordance was achieved with masses described as having posterior shadowing, and the lowest was with masses with a combined pattern. These results correspond with those of previous studies in which the BI-RADS lexicon was used (14-16). However, they are lower than those reported by Baker et al (8) . One possible explanation might be the introduction of a fourth item (ie, combined pattern) to the BI-RADS lexicon. A trend toward greater reproducibility was noted for small lesions with a combined pattern, which is probably less frequent in small masses. Similarly, better reproducibility was noted for malignant masses, which is probably explained by the higher frequency of posterior shadowing (a feature classically associated with malignancy).
The greatest variation in observer's responses was seen for BI-RADS categorization ( ϭ 0.30), which was close to that ( ϭ 0.28) reported by Lazarus et al (14) but lower than that ( ϭ 0.53) reported by Lee et al (16) . This inconsistency is related to the introduction of subdivisions in category 4 (ie, 4a, 4b, and 4c). When category 4 was considered as a whole, the interobserver reproducibility increased to moderate agreement ( ϭ 0.47), which was not much different from the findings ( ϭ 0.49) in a study by Park et al (15) , in which they did not use the category 4 subdivisions. This could be explained by the lack of known factors clearly and objectively defining each subdivision, thus leading to variable and subjective conceptions of 4a, 4b, and 4c among radiologists. This was indicated in the study by Lee et al (16) , which had a low percentage (4.8%) of 4b responses (vs 19.4% in our study). For small masses, in particular, the poor interobserver agreement was probably related to the lower concordance noted for margin and shape assessment, which are two important factors for determining the level of suspicion.
Our study had several weaknesses. First, only biopsy-proved lesions were included, which limited the number of BI-RADS category 2 (0.3%) and 3 (11.6%) lesions included. This selection bias may have contributed to an overcategorization of some masses despite the fact that the observers were blinded to biopsy results. Second, our readers were blinded to mammographic findings, and BI-RADS categorization established on the basis of US features does not always reflect the actual practice: Some lesions may have been classified as category 4 at mammography but as category 3 at US, and biopsy would have been recommended on the basis of the mammographic results, despite the US evaluation. Third, our study was retrospective in design, and assessment was limited to two images. This situation does not reflect the actual practice of radiologists who are evaluating breast US studies. In daily practice, evaluation of US features is performed in real time during the examination. Fourth, some descriptors, such as calcification, were not assessed. These, in our opinion, should be prospectively evaluated for their correlation with the mammographic and clinical findings. In addition, allowing the reader to choose more than one descriptor for the margins, as more than one contour characteristic can be present in the same mass, would have been more realistic.
In conclusion, use of the BI-RADS lexicon for US shows moderate to substantial levels of concordance for mass assessments other than margin evaluation. A trend toward lower concordance among radiologists was noted for small masses and malignant lesions. Subdivisions 4a, 4b, and 4c were poorly reproducible among radiologists, reflecting the lack of clear and objective factors to guide classification of a lesion according to the degree of suspicion of malignancy. Further studies tailored to identify these factors are needed to ameliorate the poor reproducibility of these subdivisions.
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